Abstract -This paper reports in detail the history of scientific and methodological research carried out at the Laboratory of Nuclear Problems, JINR, in 1982JINR, in -1996, with the goal of developing the mesooptical Fourier transform microscope for straight-line tracks of charged particles with a small angle of dip. The international priority and reliability of the results obtained indicate that the mesooptics group at JINR LNP laid the necessary and sufficient theoretical and experimental foundation for further scientific research on mesooptics. It is pointed out that even before the advent of mesooptics the search for fundamentally new techniques for the processing of three-dimensional track information without the traditional algorithm of partitioning the particle track into components was carried at JINR LNP. Investigations based on the use of the integral pattern of the initial image are described in detail. It is shown that only mesooptics has made it possible to completely avoid depth scanning without any loss of information on the z coordinate and the particle track dip angle θ z .
INTRODUCTION
A characteristic feature of the information coming from track detectors is that it has the form of straightline or almost straight-line objects. Even an inexperienced person can easily distinguish individual particle tracks in the form of a chain of dots which make up straight lines, arcs or third-order curves. At the place where the event occurred, particle tracks emerge from a single point and make up a star. Therefore, the number of independent information components in the track chamber picture is relatively small. For example, in a frame with 10 7 cells there are only 10 5 cells that are significant from the point of view of information.
The nuclear photoemulsion method, one of the most long-lived nuclear-physics methods, occupies a particular place among experimental techniques. In presentday photoemulsions, the developed silver grains in tracks of charged particles with the minimum ionization are ~0.5 µ m in size. Therefore, this method is still the most accurate one.
It is impossible to see particle tracks without a microscope. Observation in a three-dimensional volume requires a stereoscopic microscope. However, it is practically impossible to construct the required stereo microscope because the depth of focus of a conventional optical microscope is only 2-5 µ m. This greatly complicates the development of automated systems for scanning and measurement of particle tracks in nuclear photoemulsion.
This review shows how mesooptics allows the main automation problems to be solved.
The joint scientific and methodological research carried out at the Laboratory of Nuclear For the first time in the history of the optical microscope:
(i) The straight-line particle track in the field of vision of the microscope was experimentally shown to be perceived by the MFTM as a whole unit without the intermediate process of partitioning the particle track image into components;
(ii) Information on the position of the particle track in space was experimentally shown to be compressed in the MFTM into two pointlike signals without involvement of any computing devices; (iii) The scanning operation of the particle track depth was completely eliminated without losing the information on the z coordinate and dip angle θ z .
(iv) For the first time in the history of the nuclear photoemulsion method the working prototype MFTM was constructed for selective observation and measurement of straight-line particle tracks with a small angle of dip.
SLIT METHOD Development of automated systems for the processing of track information began as far back as [1958] [1959] [1960] [1961] . Earlier this was done manually using a measuring optical microscope.
The main feature of all automated processing systems was that the particle track image was divided into elements, their coordinates were measured, and the results were entered into a computer to find the desired kinematical characteristics of the particle tracks. This approach gradually became a traditional one.
The first to break the tradition was Korenchenko [1, 2], who developed a fundamentally new method for automatic scanning and evaluation of particle tracks using the slit device. Figure 1 shows a narrow transmitting slit which consists of several parts and can be moved translationally or rotationally about the center.
The slit is moved within the frame until its illumination drops below a particular level. Then the position where the illumination of the slit returns to the original level is sought for.
In another version, the system with a slit was replaced by a device consisting of four photodetectors (Fig. 2) . Signals from the photodetectors were compared with each other and two error signals were formed. Based on these signals, the tracking system positions the device onto the particle track. It was shown that the time spent by the device to process a four-prong star was 10-15 min, which is a factor of 20 less than the time spent to process this event using the measuring microscope and the element-by-element readout algorithm.
FOURIER TRANSFORM OF THE STRAIGHT-LINE PARTICLE TRACK
To radically speed up the automatic processing of the track information, it was proposed [3] to handle the frame with particle tracks as a whole rather than part by part, as, for example, in the slit method. For this purpose, an optically integral image of the initial frame is produced using a point source of light and a positive lens (Fig. 3) [6] .
An important advantage of this method is that the Fourier transform of the straight-line particle track remains fixed while we translationally move the entire frame. Fourier transforms of several straight-line tracks intersect at a point which lies on the optical axis. This allows the readout of the output information by a system of radially arranged slits and photodetectors located behind each slit.
The larger the number of radial slits, the higher the angular resolution of the system. However, the signalto-noise ratio deteriorates accordingly. To reduce this effect, the system of radial slits is replaced by holograms of decades successively arranged along the optical axis of the system. 
